The spectra of both components of the complex refractive index of liquid CΗ3I were obtained in the infrared region using the thin film transmission method. Dispersion data and integrated intensities for principal bands were determined and discussed.
Introduction
The IR spectum of liquid CH3I has been studied in a number of laboratories [1] [2] [3] . There is a wealth of published studies of vibrational and reorientational relaxation of CH3I in the liquid phase by various spectroscopic techniques, reviewed by several authors [4] [5] [6] . There are, however, no complete literature data on optical constants, which is surprising, since the determination of accurate IR correlation functions and vibrational intensities requires their knowledge. At present, the optical constants measured using the ATR method by Crawford et al. [7] are available only for the v3 and v6 bands. In the same paper integrated intensities for these bands are also reported. Integrated intensities of principal bands of liquid CH3I were also measured using the interferometric method by Orville-Thomas et al. [8, 9] as well as by Pratt and King [10] ; unfortunately the results differ considerably. There are also available infrared intensities [11] [12] [13] for main bands of CH3I in gas-phase as well as theoretical papers including dipole-moment derivatives [14, 15] .
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In this work we report the complete spectrum of the complex refractive index of liquid CΗ3I in the IR region, determined using the thin-film transmission technique described elsewhere [16, 17] . The imaginary part of the complex refractive index was used to calculate integrated intensities for all fundamental bands as well as for stronger overtones and combination bands.
Experimental
The IR transmission spectra were recorded on a Perkin-Elmer 180 IR spectrophotometer in a double-beam, open reference beam mode [16, 17] . The scan speed did not exceed 5 cm -1 min-1 . All precautions were taken to avoid mechanical, electronic or optical distortion to measured spectra. The resolution was maintained on the level of ca. Ι cm-1 to keep the ratio of the spectral slit-width to half-width of the bands below 0.1, in order to minimize the slit-width distortion and to avoid the necessity of deconvolution [18] . The calibration of the wavenumber scale was checked by recording spectra of liquid indene and gas-phase spectra of NH3 . Several cells with thicknesses ranging from 6.06 to 22.82 μm were used. The windows made of KBr, NaCl and CsI were ground and polished to high flatness, monitored in sodium light on a optical flat glass. The spacers were prepared out of teflon and aluminium foils of appropriate thicknesses. For thinest cells (d < 10μm) the geometrical parameters of the cell cavity were determined by fitting the experimental interference fringe pattern of the empty cell with the theoretical one, using the computational procedure described elsewhere [16, 17] .
The spectra of CΗ3I were recorded at controlled temperature of 298 ± 1 K. Each spectrum was recorded several times in a particular cell, then the runs were digitized with a step of 1 cm -1 and averaged. Analytical grade CH3 I was further purified by fractional distillation and dried over freshly prepared molecular sieves. The density of the liquid CH 3 I was d298 = 2.2650 g/cm3 , which corresponds to a molar concentration c = 15.96 mol/dm3.
Processing of spectra
From the thin-film transmission spectra recorded as described above, the spectra of real and imaginary components of the complex refractive index were determined. The computational procedure was based on the iterative dispersion-distortion correction procedure [16, 17] . It involves the subtractive KramersKronig transformation in each step of the iteration. The transmission spectra were processed in segments of a width ranging from 900 cm -1 to 150 cm-1 following the cascade strategy. The anchor point for the first segment was taken from literature data [7] at 1010.0 cm-1 . For each subsequent segment of the spectrum the reference point was selected from the preceding section, already processed. In order to minimize truncation errors connected with the Kramers-Kronig transformation, the beginning and the end of each segment were selected in non-absorbing regions [16, 17] .
From the spectrum of the complex refractive index, the spectrum of the complex dielectric function was obtained from Maxwell's relations throughout the entire IR region.
Results and discussion

Optical constants
Methyl iodide has nine vibrational modes: three totally symmetric (A1) modes: v1 (sym.-CH3 stretch.), v2 (sym.-CΗ3def.), v3 (C-I stretch.) and three doubly degenerate E-type modes: v4 (asym.-CΗ3 stretch.), v5 (asym.-CH3 def.), v6 (-CH3 rock.). All modes are both IR and Raman active. Apart from these fundamentals, some overtones and combination bands appear in the mid-IR region.
Thin-film transmission spectra of liquid CH3I were obtained in the 4000-450cm-1 range. In Figs. 1, 3 , 5, 7 and 9 the transmission spectra in selected regions with prominent bands are shown. The corresponding spectra of both components of the refractive index are shown in Figs. 2, 4, 6, 8 and 10 , respectively.
Basic dispersion data of principal IR absorption bands of liquid CΗ3I are collected in Table I . Regions including only very weak bands were not included in the figures and in Table I , although data for the entire IR range were obtained. In Table I vr and nr denote the position and the value of the refractive index at selected anchor points required for the Kramers-Kronig procedure; v e are wavenumbers of extremal points at the absorption curves (kmax, ε"max) and corresponding dispersion curves (nmin , nmax and ε'm in , ε'max). In brackets the errors (mean deviations) are given (in 10 -4 ). The values of kmax obtained for the v3 and v6 bands are in good agreement with literature data [7] . The description of fundamental vibrations of CH3I was taken from literature [1] [2] [3] .
As can be seen from Table I , most bands of liquid CΗ3Ι are weak and dispersion extrema occur at the same position for the n(v) and έ(v) curves within experimental error, except for the moderate strength band v2 . The dispersion amplitudes (nmax -nmin , ε'max -ε'min) of isolated bands are generally smaller than the corresponding absorption maxima (kmax , ε"max), which is typical of absorption-dispersion curves deviating from the classical damped-harmonic oscillator behaviour.
Integrated intensities
The spectum of k(v) was used to calculate two kinds of integrated intensities for all fundamental bands as well as for stronger overtones and combination bands:
where c is the concentration (in mol/dm 3 ) in the pure liquid,v denotes a wavenumber, vh and vι -high and low wavenumber limits of integration, respectively. The numerical integration was carried out using both the trapezium formula and Simpson's formula, with the same integration interval of 1 cm-1 ; the discrepancies were much less than the experimental errors given in brackets. Wavenumber limits of the integration were selected in non-absorbing regions of the spectrum. During calculation of the integral the background of the k(v) curve was approximated by a straight line between vh and νι and subtracted.
The absorption bands are considerably overlapping in some spectral regions. In order to obtain infrared intensities and other spectral parameters of individual bands, it was necessary to make a careful numerical separation into individual bands. For this purpose we used modified Levenberg's least squares iteration method [19, 20] . The band shapes were approximated by a Cauchy-Gauss product function:
where 01 is the peak height, 0 -the peak wavenumber and 02, α4 -the bandshape parameters. The calculated parameters of individual bands were used to determine integrated intensities and other spectral parameters. For the bands, for which spectral parameters have been obtained from numerical separation, the integrals were calculated in the limits of v 0 ± 15b, where b is the semi-half width of the band (i.e. Δv1/ 2 = 2b).
The band envelope depicted in Fig. 2 , consisting of the v4, v ι , 2v5 and v5 + 76 + v 3 bands, is especially cumbersome. The high-frequency wing of the v4 band extends up to 3335 cm 1 . Two sets of integrals are given in Table II for this block: one calculated by direct integration in the specifled limits, the second one obtained by numerical band separation and subsequent integration as described above. In both cases the baseline was assumed to be linear between the limiting points of the envelope, i.e. 3335-2720cm -1 .
If a fundamental band is considerably overlapping with an overtone or a combination band of corresponding symmetry, they are in resonance and the weaker band usually "borrows" intensity from the fundamental band. In this case we assume that the entire intensity belongs to the fundamental band (see v3 and v5 ). It seems to be more reasonable than numerical separation which in such cases gives unreliable values.
In Table II integrated intensities (A) are collected and compared with literature data [7] [8] [9] [10] ; mean deviations (in 10 -3) are given in brackets. As can be seen from Table II , our results are in reasonable agreement with the results obtained by ATR method [7] for the v 3 and v6 bands. The agreement is much worse with results determined by the interferometric method [8] [9] [10] , which seem to be overvalued. Furthermore, the results obtained by the interferometric method by Pratt and King [10] and Pritchard and Orville-Thomas [8] differ considerably; for most of the fundamental bands there is about 40% disagreement. Using a modified procedure Ramsey, Ladd and Orville-Thomas [9] recalculated the data obtained earlier [8] . The agreement was a little better but still unsatisfactory.
In Table III we compared peak positions and integrated intensities (Γ) with literature data for the gas-phase [11] [12] [13] . Most of bands show greater integrated intensities in liquid-phase than in gas-phase, except the v 1 band. It may arise to some extent as a result of difficulties in the evaluation of the integral for vi as discussed above. As can be seen, most of the bands of liquid CH3 I lie at lower wavenumbers than in the gas-phase (about 10-20 cm -1 ), whereas the v3 band lies in the liquid-phase at higher wavenumber than in the gas-phase (about 3 cm 1).
Using the Polo-Wilson formula [21] :
one can calculate the theoretical ratio of band intensities in the liquid-phase (Γl ) to those in the gas-phase (Γg). Taking as the average refractive index n 1.49, the ratio ought to be about 1.33. For the vibrations v 2 and 2v5 the ratio is smaller than the theoretical one, while for vibrations V, v4 , 75 and v6 it is larger. For the vι vibration the ratio considerably differs from this one calculated from formula (5) .
A deeper understanding of the integrated intensities and their dependence on the type of vibration requires reliable results of theoretical calculations. Unfortu-nately, the comparison between the theoretical results [14, 15] and the gas-phase data [12] is not encouraging. Even more difficult is the discussion of intensity changes between the gas-and liquid-phase.
As can be seen from Table III , the E-type bands are considerably broader than the A1 bands. This is due not only to the degeneracy of the E-bands, but also to the increased contribution of reorientational relaxation in the broadening of these perpendicular bands, resulting from a faster spinning motion of the molecule around the C3 axis as compared with the tumbling motion around both remaining axes [4] [5] [6] [22] [23] [24] . This was observed also for previously studied CCl3CN [25] .
